Fluid levels appearances are not uncommon findings in different diagnostic modalities including radiography, ultrasound, computed tomography, and magnetic resonance imaging. The significance of such signs varies according to the involved sites and the clinical settings. Familiarity with their imaging features and their diagnostic value as well as their clinical implication are of paramount importance for the radiologist and the clinician. We aim to review a spectrum of examples of fluid levels encountered with different modalities in paediatric imaging and discuss their appearances and clinical significances.
Introduction
Fluid levels are not uncommon findings in different diagnostic modalities, including radiography, ultrasound, computed tomography (CT), and magnetic resonance imaging (MRI). Familiarity with their imaging features and their diagnostic value as well as their clinical implication are of paramount importance for the radiologist and the clinician. The observation of fluid levels in imaging requires the presence of a cavity and immiscible fluids identified on an image that is vertically oriented [1] . Fluid levels are variable in nature: air-fluid vs fluid-fluid vs fluidelayering material levels.
Multiple entities at different sites carry these signs: cavities or infectious lesions or structures that communicate with the airways seen on chest radiographs or CT. Air-fluid levels are common in normal bowel, but multiple ones (>3 air-fluid levels) usually indicate intestinal obstruction [2] . If an air-fluid level is seen on CT of the peritoneal cavity, then it means gastrointestinal-tract perforation or abscess collections. In the pelvic or cervical masses, a fluid-fluid level likely heralds a hemorrhagic complication. Different stages of hemorrhage may be delineated with fluid levels on CT of a subdural hematoma. An MRI brings more sensitivity to tissue contrast compared with ultrasound and CT (different signal intensities of acute or chronic hemorrhage, slow flowing blood) [3] . A lipohemarthrosis level means communication between marrow space and the joint space in skeletal trauma. Fluid-fluid levels, a nonspecific sign in musculoskeletal neoplasms, are encountered in aneurysmal bone cyst (ABC), synovial sarcoma, or bone cyst, and most of bony and soft tissue lesions with internal hemorrhage. The significance of such signs varies according to the involved sites and the clinical settings.
The educational objective is to review a spectrum of examples of fluid levels encountered with different modalities in pediatric imaging and discuss their appearances and clinical significance. The iconography is selected from an institutional Research Ethics Board (REB)-approved review of a radiology database (an 8-year period) at our hospital under key words of radiology reports: fluid levels and radiograph, ultrasound, CT, and MRI. Data were gathered according to patient age, imaging modality, anatomic region, type of fluid level, and diagnostic category (congenital, acquired, and neoplastic disease). A cross-tabular frequency table was used for frequency calculation in selected disease with which the fluid level appearance was commonly described in the literature.
Head and Neck
Fluid-fluid levels are not uncommon findings in the headneck area and are reported in the imaging literature [4, 5] . We found 134 patients (age range, 1 daye17 years) who demonstrated such features in the head-neck region. The diagnostic category varied considerably according to age: congenital lesions were found in 31 patients (23.2%); they were frequently encountered in the neonatal age group, whereas the acquired and neoplastic diseases associated with Thorax A fluid-level appearance within the lungs, pleural space, mediastinum, and the chest wall is not uncommon, and usually has diagnostic and sometimes pathologic implication. Intrapulmonary cavitary lesions with air-fluid levels are usually caused by communication with the tracheobronchial tree or the presence of gas-forming organisms. The differential diagnosis ranges from lung abscess [6] , posttraumatic or postinfectious pneumatocele, lung laceration, and necrotic tumours. Septic emboli and Wegener granulomatosis, as well as papillomatosis, can cavitate, with a subsequent air-fluid appearance.
The congenital anomalies that show air-fluid level features include congenital pulmonary airway malformation, formerly known as congenital cystic adenomatoid malformation ( Figure 4 ) and intrapulmonary lymphatic Mediastinal teratoma has been reported with a demonstrable fluid-level appearance [7] , in addition to its distinguishing imaging characteristics. Chest-wall abscesses can also demonstrate air-fluid levels, depending on the causative organism ( Figure 6 ).
The radiographic appearances of pleural effusion are variable, and fluid level is only observed if gas is also introduced into the pleural cavity to form a hydropneumothorax or after pneumonectomy.
Abdomen
Fluid levels within the abdomen can be detected in a wide variety of disease processes and within various solid and hollow viscous organs (Figures 7 and 8 ). Fluid levels are commonly observed within the bowel in normal and abnormal cases, specifically on radiographs obtained in the upright position and on lateral shoot through abdominal views; however, an excessive number or size may indicate functional or mechanical obstruction ( Figure 9 ) [8] . Fluid levels might be detected in potential spaces such as peritoneum and its reflections [9] , particularly if bowel contents accumulate after perforation or penetrating trauma. Different fluid densities within the peritoneum would, most of the time, correlate with hemoperitoneum and, if associated with free air, would indicate bowel perforation. Postoperative collection, necrotic tumour, and intramuscular and retroperitoneal bleeding usually demonstrates different fluid densities, because of gravity-dependent red blood cell precipitation (Figures 10e12) .
A fluid-level appearance in the scrotum is usually secondary to dependent debris within a hydrocele or scrotal abscess. Advanced testicular torsion with internal necrosis and hemorrhage can give a fluid-fluid level. In any occasion, the presence of intratesticular fluid levels in the setting of a testicular torsion commonly reflects necrosis and dead tissue ( Figure 13 ).
Musculoskeletal System
The fluid-fluid level appearance within bone or soft-tissue lesions has been extensively described in the literature. This was initially thought to be pathognomonic for specific tumours, particularly the aneurysmal bone cyst; however, later on, it was reported in many other soft-tissue and bone tumours [10e14]. The significance of this diagnostic appearance is still valid if other diagnostic criteria of the lesion have been considered.
A fat-fluid level caused by lipohemarthrosis is secondary to a communication between bone marrow space and joint space in skeletal trauma ( Figure 14) . Observation of the fluid levels should prompt the radiologist to consider diagnoses such as aneurysmal bone cyst, telangiectatic osteosarcoma, giant cell tumours, and simple bone cyst. Synovial sarcoma is the most common malignant soft-tissue tumour to demonstrate fluid levels, but the findings are nonspecific and can occur in other soft-tissue lesions (Figure 15 ). During our study period, we found 12 patients with a radiologic and pathologic diagnosis of aneurysmal bone cyst. The age of the patients ranged from 5e17 years (mean, 13 years). The site of involvement was ubiquitous: 4 in the femur (33.3%), 2 in the tibia (16.7%), 2 in the humerus (16.7%), 1 in each of the following sites (8.3%): the pelvis, the posterior element of the spine, the radius, and the scapula. MRI showed fluid-fluid levels in 8 of 9 examinations (Figure 16 ).
Summary
In our pictorial review and the retrospective analysis of the lesions that are commonly associated with a fluid-level sign, we showed the implications and the diagnostic value of this imaging sign. Fluid levels may occur whenever substances of differing densities are contained within a cystic or a compartmentalized structure. The levels are depicted when imaging is performed in a gravity-dependent plane in the human body. Four substances with different densities are commonly encountered: water, air, fat, and solid. The fluid levels, therefore, can be classified into 3 groups: air-fluid, fatfluid, and fluid-layering solid (precipitate).
Since their initial observation on both CTs and MRIs of the ABC, fluid-fluid levels have been identified in many other lesions, benign or malignant, and leads to the conclusion that they are nonspecific findings [5] . Nevertheless, fluid-fluid levels are so useful if used in conjunction with other radiologic findings and clinical presentation to differentiate between benign-and malignant-appearing lesions, for instance ABC can be diagnosed radiologically by virtue of a fluid-fluid level sign on MRIs with other nonaggressive radiologic features. In conclusion, fluid levels are commonly observed with a range of imaging techniques in both normal and abnormal circumstances, and the image interpreter should be aware of the significance of this appearance and the mechanism by which it has been formed.
